The ASUS employs a rapid chill and fill concept, which is quite simple. The propellant enters the tank through a spray bar, which is installed in, and runs the entire length of the propellant tank. The spray bar is a long tube with numerous holes drilled into it. This configuration allows the propellant to spray radially inside the tank. During a fill operation, the propellant exits the spray bar and impinges on the tank wails, rapidly chilling them. The vaporized propellant would exit the tank through the vent. Once the tank walls are chilled, the tank vent is closed and filling begins.
This chill and no-vent fill process is also applicable to in-space propellant transfer, where a no-vent fill is crucial since the location of the propellants in micro-gravity is not always known, and loss of propellants through the tank vent is unacceptable.
The first tests of the rapid chill and fill concept, using a flight scale tank, were conducted 1. The tank wall thickness (0.5 inches) is much greater than a flight weight tank, and thus the thermal mass to cool is much greater.
2. Hydrogen film boiling at the warm tank walls reduced the heat transfer between the walls and the bulk propellant.
. The ambient heat leak, especially through the manhole at the top of the tank, is much greater than expected, and is having a significant impact on the ability to chill the tank.
4. The jets exiting the spray bar are not directly impinging on the tank wall, thus accounting for the slower tank wall chill.
Since the tank was not completely chilled until near the end of each test, the closure of the vent valve during fill was not possible. During each attempt to close the vent valve, the ullage pressure rose rapidly, activating the redline cut off for the test. This redline was well below the tank maximum operating pressure.
The GFSSP models were successful in predicting the fill and vent system flow rates given the system components, supply pressures, and MHTB pressures. A representative plot of the fill system flow rate, versus MHTB pressure, is included in Figure 2 . These results were used as inputs to a model of the tank itself. 
